We investigate the behavior of the intermediate-degree mode frequencies of the sun during the current extended minimum phase to explore the time-varying conditions in the solar interior. Using contemporaneous helioseismic data from GONG and MDI, we find that the changes in resonant mode frequencies during the activity minimum period are significantly greater than the changes in solar activity as measured by different proxies. We detect a seismic minimum in MDI 
INTRODUCTION
The current solar minimum, between cycles 23 and 24, has been unusually long and has provided us with a unique opportunity to characterize the quiet sun. It is also the first deep minimum to be observed with modern instrumentation and techniques including helioseismology. In order to understand what causes and sustains such a prolonged period with minimal or no solar activity, as commonly measured by the number of sunspots on the visible solar disk, numerous efforts are underway to find clues to such an unusual behavior.
In this context, we use the frequencies of the global oscillation modes of the sun to learn about the seismic conditions of the solar interior during the current minimum phase.
The variation of the oscillation frequencies with solar cycle has been the subject of many studies and is now well established (see, for example, , and references therein). However, the physical origin of these changes is still an active field of research. The extended minimum activity epoch has provided an important period to analyze and interpret the frequency variations during quiet periods of solar activity. Broomhall et al. (2009) have analyzed the low-degree, (0 ≤ ℓ ≤ 3) mode frequencies over the last three solar cycles using Birmingham Solar Oscillations Network (BiSON) frequencies, and they find that the level of the present minimum is significantly deeper in the mode frequencies than in the surface activity observations. Salabert et al. (2009) 
ANALYSIS AND RESULTS
The MDI mode frequencies 2 that we use consist of 66 sets, each of which is calculated from a time series of 72 days (Schou 1999) and covers the period between 1996 May 1 and 2009 September 26. We also use 72-day long GONG time series to calculate the centroid frequency, ν, for each (n, ℓ) multiplet (Hill et al. 1996) for each of 71 non-overlapping sets that covers the period between 1995 May 7 and 2009 May 4, a few months shorter than the MDI frequencies. The mean frequency shift, δν, for each data set is obtained as a error-weighted mean where the error corresponds to the formal fitting uncertainties returned by the fitting procedure. The frequencies were also weighted by the mode inertia before the mean was computed (For details see Tripathy et al. 2007) . We analyze only those modes that are present in both the data sets. The included modes cover a frequency range of 1500 µHz ≤ ν ≤ 3600 µHz and degree range of 22 ≤ ℓ ≤ 150 and sample the outer 30% of the solar interior. For calculating the frequency shifts, we construct a reference frequency as an average over the frequencies of a given multiplet present in all MDI data sets. The same set of reference frequencies are used to calculate the mean shifts from the GONG data. This choice introduces a constant offset between MDI and GONG shifts and does not affect the results.
2 http://quake.stanford.edu/$\sim$schou/anavw72z/ -6 -As a proxy for the solar activity, we choose F 10.7 which represents a combination of sunspots, radio plages and quite-sun background emission (Kundu 1965) For a comprehensive and comparative analysis between previous and current activity minima, the GONG frequency shifts and the corresponding F 10.7 during these two periods are shown in Figure 3 . The dash-dot and dash-dot-dot-dot lines in Figure 3b indicate the minimum value in activity and frequency shifts corresponding to the previous cycle, respectively and indicate differences between the current and last minima. Both F 10.7 and frequency shifts appear weaker this minimum than the previous; the decrease in mean frequencies and activity are of the order of 11% and 4%, respectively implying a significant change in oscillation frequencies as compared to the solar activity. A similar result seen in BiSON low-degree modes led Broomhall et al. (2009) Therefore the relationship between δν and solar activity proxies during the current extended minimum phase appears to be more complex than the previous minimum between cycles 22 -7 -and 23.
Since different activity proxies behave differently during the activity cycle (Figure 1) and some proxies are better correlated with frequency shifts than others (Chaplin et al. 2007; ), we compare the variation of MDI frequency shifts with two different proxies, F 10.7 (Figure 4a ) and R I (Figure 4b) , for the present minimum period.
It is seen that the frequency shifts are in better agreement with R I rather than F 10 with a marginally higher correlation coefficient. This does not agree with the argument that the frequency shifts are more sensitive to both the strong and weak components of the magnetic field (Chaplin et al. 2007; ). Thus, we see additional evidence of the complex relationship between frequency shifts and activity proxies in different phases of the solar activity and particularly during the extended minimum period. are not significant, the signature that the frequency shifts and solar activity proxies are opposite in phase is important since this has not been seen in previous cycles. Therefore, the extended minimum period appears to be rather unusual since all earlier studies involving the frequency shifts report close correlations between the frequency shifts and solar surface activity proxies. Since the oscillations are sensitive to the conditions beneath the solar surface, it is not surprising that the signature of the onset of solar cycle 24 is first visible in the oscillation data. The absence of such a signature in GONG data could be related to the mode fitting techniques used by the data reduction pipelines as has been demonstrated in earlier studies (Schou et al. 2002; Basu et al. 2003) . The GONG technique fits one individual mode (n, ℓ, m) at a time together with a number of leaks from other ℓ but ignores known leaks from modes with the same (n, ℓ) but different m. The MDI algorithm, on the other hand, fits all modes of all m for a given multiplet (n, ℓ) simultaneously and uses a combination of leakage matrix and the known parameters from the fitting of other modes to estimate the leaks from these modes.
The GONG mode-fitting algorithm, in addition to the rotation corrected frequencies, also produces frequencies of individual modes as function of n, ℓ, m, where m represents the number of nodal lines around the equator (Hill et al. 1996) . It is possible to follow the changes in oscillation modes as a function of the latitudes using different values of m/ℓ. The sectoral (|m|/ℓ = 1) and near sectoral modes are sensitive to the region near the equator while zonal (|m|/ℓ = 0) and tesseral modes (0 < |m|/ℓ < 1) sense a wider range of latitudes away from the equator . In Figure 5 we show the mean relative frequency shifts, δν nlm , in the 5-min band (2800 ≤ ν ≤ 3200; 20 ≤ ℓ ≤ 100) for four different 
